Objective: To develop a new fast imaging technique with flexible TWIST view sharing to achieve variable temporal resolution and with flexible echo time Dixon to achieve robust fat suppression and to evaluate its application in breast DCE-MRI. 
Introduction
Recently, Time-resolved Angiography with Stochastic Trajectories (TWIST), an acceleration technique based on view sharing, has been receiving increasing attention in breast DCE-MRI applications (1) (2) (3) (4) (5) . When combined with the dual-echo Dixon fat and water separation technique, TWIST-Dixon provides superior fat suppression and higher SNR efficiency to allow better overall image quality for breast DCE-MRI applications (4).
Krishnan et al (6) demonstrated that k-space data acquisition can be optimized according to the spatial-temporal bandwidth-based analysis and, by prioritizing the data acquisition based on the spectral energy of corresponding k-space data, the fidelity of the images can be optimized. These results suggest that one can further improve dynamic acquisition by acquiring less peripheral kspace data during the period of rapid contrast wash-in to achieve higher temporal resolution, and by acquiring more peripheral k-space data during the delayed phase to obtain higher spatial resolution. The purpose of this work, therefore, is to improve the TWIST-Dixon technique by using a more flexible view sharing strategy (TWIST-Dixon-Flex), so that the peripheral k-space to be re-acquired in each measurement can be prescribed individually to allow high temporal resolution during the early contrast wash-in; and high spatial resolution at the peak enhancement.
We have implemented and applied the improved TWIST-Dixon-Flex technique to breast DCE-MRI of a small group of clinical patients with encouraging results.
Methods
With the standard TWIST view sharing technique (7), the k-space is divided into two parts: a central region (A) and a peripheral region (B). The peripheral k-space region is then further divided into several subsets (B1B2 …Bn). In a dynamic acquisition with multiple measurements, the full k-space (AB1B2…Bn) is sampled either at the beginning or the end of the whole series of measurements; for other measurements, the central k-space region and only one of the peripheral k-space subsets (ABi) are acquired. The images of each measurement are then reconstructed with missing k-space data 'shared' from the measurements in either forward or backward direction.
In the prototype TWIST-Dixon-Flex sequence, the sampling of k-space for each measurement can be prescribed individually as 'Full' acquisition with all k-space data acquired (AB1B2…Bn); 'Partial' acquisition which is the same as standard TWIST acquisition (ABi); or 'Center-only' acquisition in which only the central k-space data are acquired (A). Missing k-space data will be shared from the nearest available measurements with backward sharing preferred. Such flexibility allows for variable temporal resolution during different stages of dynamic contrast enhancement. For example, for breast DCE-MRI performed in this study, one possible DCE-MRI protocol would include one measurement with 'Full' acquisition before contrast injection, six measurements of 'Center-only' acquisition during the first 60 seconds of contrast wash-in and three additional measurements (two 'Partial' acquisitions followed with one 'Full' acquisition) starting from the estimated peak enhancement time point. Figure 1 To investigate the effect of the pulse sequence on image quality, ANOVA tests were performed.
In each case the model tested the fixed effect of the pulse sequence, TWIST_DIXON vs.
VIBE_SPAIR, plus the random effects of the reviewer and patients, on the specified image quality measure.
Results
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Among the first five subjects enrolled in the study, one had DCIS, two had invasive ductal carcinoma and two had no detectable lesion. 
Discussions and Conclusions
Our preliminary study showed that the TWIST-Dixon-Flex technique produces high spatial resolution images at the peak enhancement and afterward with image quality that is superior to A recent study by Mann et al (5) found that the detected maximum slope during the rapid contrast wash-in provides important information for lesion detection and classification.
Therefore the fast Center-only measurements during that period of time can be very helpful.
Possible errors in the TWIST-Dixon-Flex technique are temporal-spatial blurring and ringing artifacts as the results of view sharing. However, the TWIST-Dixon-Flex technique still provided images of higher overall quality than those acquired with conventional techniques. Our previous simulation work also showed that the error caused by such view sharing was comparable or less than that caused by the long acquisition time without view sharing (8).
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Another limitation is that the current prototype two-point Dixon fat and water separation algorithm fails occasionally, causing the fat and water signals in certain regions to be incorrectly assigned to fat-only and water-only images. The water signal of the pectoralis and the blood in aorta and ventricles were incorrectly assigned to the fat-only image in one or two measurements of some patients. However, this artifact has not been seen in the breasts.
Our initial experience is based on a small sample size and some of the analysis is qualitative. The clinical nature of the study also precludes more than one DCE-MRI image acquisition on the same patient. Therefore, the comparison we made is between the TWIST-Dixon-Flex images acquired at peak enhancement and the conventional VIBE-SPAIR images acquired immediately after the last TWIST-Dixon-Flex measurement. The delay may skew the results of the comparison. Our continuing study will include more clinical cases and different types of lesions so that the correlation between the early arterial enhancement characteristics and the type of lesion can be investigated and a more comprehensive image quality evaluation will be possible. tumor (known invasive ductal carcinoma) with typical increasing background enhancement. In the maximum slope color map overlay (i), red color represents voxels with enhancement slope greater than 6% per second, while green color represents slope less than 6%. Although 'green' voxels labeled by arrows 2 and 3 both have similar maximum slope, their overall enhancement types are different. Different voxels also reach peak enhancement at different time points: voxel 1 peaks at the 7 th time point (j), while voxel 2 peaks at the 9 th time point (k), and voxel 3 continues to be increasingly enhanced during the whole process (l). 
